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TheRpx/Hesx1 homeobox gene is expressed during gastrulation in the anterior visceral and definitive endoderm and the cephalic neural plate.
At later stages of development, its expression is restricted to Rathke's pouch, the primordium of the pituitary gland. This expression pattern
suggests the presence of at least two distinct regulatory regions that control early and late Rpx transcription. Using transgenic mice, we have
demonstrated that regulatory sequences in the 5′ upstream region of Rpx are important for early expression in the anterior endoderm and neural
plate and regulatory elements in the 3′ region are required for late expression in Rathke's pouch. We have found that the genetically required LIM
homeodomain-containing proteins Lim1/Lhx1 and Lhx3 are directly involved in the regulation of Rpx transcription. They bind two LIM protein-
binding sites in the 5′ upstream region of Rpx, which are required for Rpx promoter activity in both mice and Xenopus. Furthermore, we have
found that a conserved enhancer in the 3′ regulatory sequences of Rpx is not only required, but is also sufficient for the expression of Rpx
transgenes in the developing Rathke's pouch.
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The Rpx/Hesx1 gene encodes a homeodomain transcription
factor expressed during gastrulation in the anterior visceral
endoderm (AVE), anterior definitive endoderm, prechordal
plate and the cephalic neural plate (Hermesz et al., 1996;
Thomas and Beddington, 1996). At later stages of development,
the expression of Rpx is restricted to Rathke's Pouch (RP), the
primordium of the pituitary gland, and is no longer detectable in
the neuroectoderm. Rpx is one of the earliest genes expressed in⁎ Corresponding author. Fax: +1 713 798 3175.
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doi:10.1016/j.ydbio.2005.12.053the developing RP. At E15.5, when pituitary-specific cells start
to differentiate, Rpx is downregulated in the pouch (Hermesz et
al., 1996).
Rpx function is essential for normal embryonic development
as Rpx null mice generally die between E10.5 and E12.5 and
display several developmental defects in structures derived
from the anterior neural plate and RP. They typically have a
reduced prosecephalon, anophthalmia and bifurcations in RP
(Dattani et al., 1998). This phenotype resembles human septo-
optic dysplasia (SOD). Two SOD families were found to be
homozygous for the Arg53Cys missense mutation within the
homeodomain of Rpx, leading to a loss of in vitro DNA
binding (Dattani et al., 1998). Recently, a Alu-element
insertion in the exon3 of Rpx/Hesx1 was found in a patient
with pituitary aplasia and retinal coloboma, and this insertion
was predicted to generate severely truncated proteins (Sobrier
et al., 2005). In the RP, the consistent expression of Rpx, driven
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dwarf mice lacking lactotroph, somatotroph and gonadotroph
cell types (KM, unpublished and Dasen et al., 2001). This
suggests that the downregulation of Rpx is important for cell
type differentiation in the anterior pituitary.
Several homeobox genes are coexpressed with Rpx and are
known to be genetically required for its expression. The LIM
homeodomain (LIM-HD) transcription factor Lhx1/Lim1 is
coexpressed with Rpx during gastrulation in the AVE (Shawlot
and Behringer, 1995). Lhx1 plays a crucial role in anterior head
formation as the disruption of the Lhx1 gene leads to a lack of
forebrain, midbrain and some hindbrain elements (Shawlot and
Behringer, 1995). At E8.5, Rpx and a second LIM-HD gene,
Lmx1b, are coexpressed in the anterior neural plate (Yuan and
Schoenwolf, 1999). Later, during pituitary development, Lhx3/
Lim3, a third LIM-HD gene, is coexpressed with Rpx in RP
(Sheng et al., 1996). Lhx3 is essential for the differentiation and
proliferation of pituitary cell lineages (Sheng et al., 1996). Both
Lhx1 and Lhx3 are required for the proper expression of Rpx
during embryonic development as Rpx expression is either
lacking or not maintained in mutants of these genes (Sheng et
al., 1996; Shimono and Behringer, 1999). Thus, these LIM-HD
proteins are potentially direct regulators for the Rpx gene.
In addition to these LIM-HD genes, the bicoid homeobox
transcription factor, Pitx2/Ptx2 (Otlx2, Rieg) is also expressed in
the developing pituitary gland (Mucchielli et al., 1997; Semina
et al., 1996) and is a candidate for a direct regulator of Rpx. Like
Lhx3, Pitx2 is required for pituitary organogenesis past the
committed Rathke's pouch stage (Gage et al., 1999; Lin et al.,
1999) and is genetically required for expression of Rpx in the
oral ectoderm and Rathke's pouch (Gage et al., 1999).
We have delineated the cis-elements required for Rpx
expression by generating transgenic embryos bearing the lacZ
reporter gene fused to different fragments of Rpx genomic
sequences. Our previous studies suggested that there are at least
two stages of Rpx regulation. The 5′ upstream regulatory
sequences of Rpx were shown to be critical for the early
expression pattern in the anterior endoderm, prechordal plate
and anterior neural plate, but were unable to drive expression in
Rathke's pouch (Hermesz et al., 2003). In this study, we
demonstrate that regulatory elements located 3′ to the gene are
both required and sufficient for the late expression of transgenes
in Rathke's pouch. Furthermore, we show that LIM-HD
proteins that are coexpressed with Rpx can directly activate
the Rpx promoter. Two LIM-HD protein-binding sites are
present in the Rpx 5′ regulatory region, and these sites are
required for Rpx promoter activity in mouse embryos. We also
map a minimal regulatory element in the 3′ region that is
sufficient for activation of transgenes in Rathke's pouch. This
conserved element can bind Pitx2 and GATA proteins, strongly
suggesting that these proteins directly regulate Rpx.
To demonstrate the evolutionary conservation of Rpx gene
regulation, we have examined expression of the murine
regulatory elements in Xenopus embryos. The Rpx homolog
in Xenopus, Xanf, shows a similar expression pattern as the
mouse Rpx gene, and is expressed in the anterior neural folds
and the pituitary primordium of the frog embryo (Mathers et al.,1995; Zaraisky et al., 1992). Injection of the Rpx reporter
constructs into Xenopus embryos showed that the expression
pattern of Rpx transgenes is similar to that of Xanf demonstrat-
ing the conservation of Rpx regulation between these two
species.
Materials and methods
DNA constructs
For all of the Rpx-LacZ reporter constructs described in this paper, a 3.35-
kb KpnI–PstI fragment, containing the E. coli lacZ-SV40 polyA cassette from
plasmid pGT4.5A (Gossler et al., 1989) was fused in frame to the Rpx
genomic sequence at the KpnI site in the second exon. To align the reading
frames of the lacZ and Rpx coding regions, a 1-bp deletion was generated in
Rpx close to the fusion point by oligonucleotide directed mutagenesis. All
constructs reported here carry the first exon, first intron and 200 bp from the
second exon as well as varying amounts of sequence 5′ to the translation start
site of Rpx. RpxA contains 1.5 kb of sequence upstream to the initiation
methionine of Rpx. RpxD contains 570 bp of the Rpx upstream sequences.
RpxW contains RpxA and a 3.3-kb PstI–PstI fragment from the Rpx
downstream sequences. RpxD-mut was generated by mutating both the
dTAAT and pTAAT sites in the context of RpxD-H3, which contains a
HindIII site at −60 bp in RpxD (this HindIII site does not affect promoter
activity and specificity in transgenic mice). RpxA + StyI, RpxA + H3,
RpxA + H3H3 and RpxA + H3P constructs were derived from RpxW. The
PCR products of 3′H3P, 3′H3P-1 + 2, 3′H3P-3 + 4, 3′H3P-4 and 3′H3P-4-25
were subcloned into Hsp68-lacZ.
For cell transfection experiments, the different fragments of Rpx upstream
sequences, Rpx1300, Rpx570, Rpx390, Rpx 300 and Rpx200 were generated by
PCR using RpxA as template. These PCR products were cloned into pGL2-basic
(Promega) to generate luciferase reporter constructs. The 390 bp Rpx upstream
sequences containing either single dTAAT or pTAAT mutations or both dTAAT
and pTAAT mutations were generated by site-specific PCR mutagenesis. For
cotransfection experiments, the Lhx1/Lim1 (kindly provided by Dr. Richard
Behringer), Lmx1b (kindly provided by Dr. Randy Johnson) and Lhx3 (kindly
provided by Dr. Denny Porter) full-length cDNAs were cloned into pcDNA3.1+
(Invitrogen).
Cell culture and transfection
F9 cells were cultured in DMEM supplemented with 10% fetal bovine
serum, penicillin and streptomycin. According to the manufacturer's protocol,
105 cells were transiently transfected by Lipofectamine (Gibco-BRL) with 500
ng of Rpx luciferase reporter constructs, 100 ng of LIM protein and 100 ng of
CMV-LacZ expression vectors. Cell extracts were prepared 2 days after
transfection. Luciferase activity was measured and normalized against β-
galactosidase activity as an internal control. At least three independent
transfections were performed.
Electrophoretic mobility shift assay (EMSA)
EMSA experiments were performed as described before (Scott et al., 1994).
Double stranded oligonucleotides were labeled with α-32P-dCTP. In vitro
translated proteins were incubated with 1× binding buffer [25 mM HEPES
(pH7.9), 50 mM KCl, 0.1 mM EDTA, 0.5 mM DTT and 5 mM MgCl2], DNA
competitors and 1mg poly-dIdC in 10%glycerol solution for 15min on ice prior to
adding probe. Probe was added to the reaction and allowed to bind for 30 min on
ice, and then protein–DNA complexes were resolved by electrophoresis.
Oligonucleotides used for EMSA: dTAAT-wt: 5′-GGATCCGGTGTAGCCAT-
TAGTTGCTAATAAC-3′; dTAAT-mut: 5′-GGATCCGGTGTAGCCTCGAGTT-
GCTGCAGAC-3′; pTAAT-wt: 5′-GGATCCAGGATTTTAATTAGT-
GACTTTGG-3′; pTAAT-mut: 5′-GGATCCAGGATTTTGAATTCT-
GACTTTGG-3′; 3′H3P-4-1F: 5′-G GGGTACCTTAATCCACAGCTTAT-3′; 3′
H3P-4-2F: 5′-GTAATTCCAGGCCTTTGTCTCC-3′; 3′H3P-4-3F: 5′-TCAGGA-
CAAGGTGAACAGTAG-3′; 3′H3P-4-4F: 5′-CTAATGCAGTCAGGCTAATAC-
Fig. 1. LIM-HD genes are coexpressed with Rpx and can activate the Rpx 5′
upstream regulatory region. LIM homeodomain-containing transcription factors
Lhx1, Lmx1b and Lhx3 are coexpressed with Rpx at different developmental
stages. (A, B) At E7.5, Rpx is expressed in the anterior visceral endoderm (AVE,
arrowhead), while Lhx1 is expressed in the AVE (arrowhead) and primitive
streak. (C, D) At E8.5, Rpx and Lmx1b are coexpressed in the anterior neural
plate. (E, F) Rpx and Lhx3 are coexpressed in the Rathke's pouch at E12.5. (G)
Rpx1300, Rpx 570 and Rpx390 contain 1.3 kb, 570 bp and 390 bp Rpx 5′
regulatory sequences, respectively. In F9 cells, all of these reporter constructs
can be activated by LIM-HD transcription factors. Results are presented as
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GCTTTCCTGGAGACAAAGGCC-3′; 3′H3P-4-3R: 5′-CTTGATTGGCTAC-
TACTGTTCACC-3′; 3′H3P-4-4R: 5′-GAAGATCTAGGTATTAGCCTGAC-3′.
Transgenic mice
Transgenic mice were generated by pronuclear injection in fertilized eggs
derived from FVB/N mice, according to standard protocols (Hogan et al.,
1995). Genomic tail/yolk sac DNA was isolated and genotyping was done
by PCR. For PCR genotyping, E3 and E19 primers were used for Rpx-lacZ
transgenic embryos, (E3: 5′-CAATTGAGAGCATTTTAGGAC-3′; E19: 5′-
AAGGGGGATGTGCTGCAAGGCG-3′) and for hsp-lacZ transgenic embry-
os, Hsp (5′-TTCAGAACTGTGCGAGTTGG-3′) and E19 primers were
used.
LacZ staining and whole mount in situ hybridization
LacZ staining and whole-mount in situ hybridizations were completed
using standard protocols (Harland, 1991; Sanes et al., 1986). Riboprobes were
generated with the DIG RNA Labeling kit (Sp6/T7) (Roche). Antisense Lhx1/
Lim1 (provided by Dr. Richard Behringer), Lmx1b (kindly provided by Dr.
Randy Johnson) and Lhx3 probes were generated as previously described
(Chen et al., 1998; Shawlot and Behringer, 1995; Sheng et al., 1996). The
template for the Rpx riboprobe was generated by PCR using T3-Rpx30/50 and
T7-Rpx424/404 as primers (sequences shown below) and Rpx cDNA as the
template. The T7 RNA polymerase is used to produce antisense Rpx riboprobe
(T3-Rpx30/50: 5′-AATTAACCCTCACTAAAGGGAGCTCCGGGAAAG-
CAAGCCC-3 ′ ; T7-Rpx424/404: 5 ′ -TAATACGACTCACTATG-
GGAGCTAGGTCCTCTCTGATGT).
Xenopus injections
Xenopus embryos were prepared as described previously (el-Hodiri and
Perry, 1995). Embryos were injected with Rpx promoter-lacZ or CMV-lacZ
DNA (150 pg per blastomere) in the two animal–dorsal blastomeres of
eight-celled embryos. Embryos were injected and cultured in 1×MB (Peng,
1991) containing 3% (w/v) ficoll until 3–4 h after fertilization and then
transferred to 0.1×MBS containing 3% ficoll. After overnight incubation,
embryos were transferred to 0.1×MBS for subsequent culture. Embryos
were collected at approximately stage 14 and fixed for 30 min hours in
MEMFA (Harland, 1991) prepared with paraformaldehyde. Beta-galactosi-
dase expression was visualized as described previously (Sanes et al., 1986).
Stained embryos were postfixed for 1 h in MEMFA, dehydrated in 100%
methanol overnight and then bleached in 70% (v/v) methanol containing
10% (w/v) hydrogen peroxide.relative luciferase activity, corrected for transfection efficiency. The basal
activity of Rpx390 is set at 1. This assay was performed with three individual
transfections with the average and standard deviation from the mean indicated.Results
LIM-HD proteins are required for Rpx expression and are able
to bind and activate the Rpx promoter
Several LIM-HD proteins are coexpressed with Rpx
throughout development and are likely to regulate its expres-
sion. During gastrulation, when Rpx is expressed in the AVE
(Fig. 1A), Lhx1 is expressed in both the AVE and primitive
streak (Shawlot and Behringer, 1995 and Fig. 1B). At E8.5, Rpx
and Lmx1b are coexpressed in the anterior neural plate (Figs.
1C, D). After E9.5, Rpx is coexpressed with Lhx3 in RP (Sheng
et al., 1996 and Figs. 1E, F).
Genetic evidence suggests that these LIM-HD proteins are
positive regulators for Rpx expression. While Rpx is normally
expressed in the AVE, in Lhx1−/− embryos, Rpx is not
detectable in the AVE (Shimono and Behringer, 1999),suggesting that Lhx1 is an upstream regulator for Rpx. The
expression pattern of Rpx remains the same in Lmx1b−/−
embryos (SC and KM, unpublished), demonstrating that Lmx1b
is not required for the expression of Rpx in the anterior neural
plate. Nevertheless, it may still participate in the regulation of
Rpx in the anterior neural plate. In Lhx3−/−mutant embryos, the
expression of Rpx is not maintained in the pouch (Sheng et al.,
1996). Taken together, these results suggest that these three
genes, particularly Lhx1 and Lhx3, may be direct transcriptional
regulators of Rpx at different developmental stages.
The ability of LIM-HD proteins to activate the Rpx promoter
was investigated using cotransfection experiments in mouse
embryonic carcinoma F9 cells. Lhx1, Lmx1b and Lhx3 cDNAs
were inserted into expression plasmids driven by the human
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plasmids were cotransfected with an Rpx reporter construct
containing 1.3 kb of the 5′ genomic sequence of Rpx driving a
luciferase reporter gene. Lhx1, Lmx1b and Lhx3 each markedly
activated the Rpx promoter in F9 cells (Fig. 1G). Lhx1 increased
Rpx promoter activity about three-fold, while Lmx1b and Lhx3
showed an even more significant induction (∼10-fold). We also
performed similar cotransfection experiments in other cell lines,
such as COS and HeLa cells. The activation of the Rpx promoter
by LIM-HD proteins was not seen in these cell lines (data not
shown), suggesting that other factors present in F9 cells but not
in COS or HeLa cells are required for either Rpx promoter
activation or for the function of LIM-HD proteins.
To further delineate the LIM-HD protein responsive sites in
the Rpx promoter, reporter constructs containing serial deletions
of the Rpx upstream regulatory region (Rpx570, Rpx530 and
Rpx390) were cotransfected with LIM-HD protein expression
vectors. LIM-HD proteins activate the transcription of all
reporter constructs to a similar level as seen for Rpx1300 (Fig.
1G). This suggests that the LIM-HD protein responsive region
lies inside the 390 bp Rpx promoter. These observations agree
with previous transgenic studies, which showed that 390 bp of
the upstream sequence was sufficient to drive the transgene
during early developmental stages (Hermesz et al., 2003). The
cotransfection experiments presented here implicate the LIM-
HD binding sites as the crucial regulatory cis-elements in this
390 bp DNA region.
LIM-HD proteins are able to directly bind to the Rpx promoter
LIM-HD proteins are known to bind TA-rich sequences
(Sloop et al., 1999). In order to identify potential LIM-HD
protein binding sites, we searched for TA-rich regions in the
390bp Rpx promoter. There are several clusters of putative LIM-
HD protein binding sites (TAAT box) in the fragment between
−390 bp and −100 bp of the Rpx promoter. In the 300 bp
genomic sequences, we generated five overlapping 75 bp
oligonucleotides and tested for their ability to bind LIM-HD
proteins. Radiolabeled oligonucleotides (oligos) were incubated
with in vitro translated Lhx1, Lmx1b and Lhx3 proteins in
electrophoretic mobility shift assays (EMSA). We narrowed
down the LIM-HD binding sites to two TAAT clusters: one of
them resides between −237 bp and −212 bp (distal TAAT sites
or dTAAT) and the second between −134 bp and −111 bp
(proximal TAAT site or pTAAT) (Fig. 2A). Both dTAAT and
pTAAT are able to bind Lhx1, Lmx1b and Lhx3 proteins (Fig.
2B and data not shown). Binding specificity of LIM-HD
proteins to dTAAT was shown by competition with unlabled
dTAAT or pTAAT (Fig. 2B, left and middle panel). Conversely,
the binding of LIM-HD proteins to pTAAT can be competing
with cold pTAAT or dTAAT (Fig. 2B, right panel). This
suggested that Lhx1, Lmx1b and Lhx3 directly bind to dTAAT
and pTAAT sites in vitro.
To further demonstrate the specificity of LIM-HD proteins
binding to the TAAT sequence in dTAAT and pTAAT sites,
mutated oligos, dTAAT-mut and pTAAT-mut, were generated
(sequences shown in Fig. 2A). When these mutated oligos wereused in the EMSA competition assay, they could not compete
for the binding of the LIM-HD proteins (Fig. 2B). This indicates
that these mutant oligos lost the ability to bind LIM-HD proteins
and further confirmed that the interaction of LIM-HD proteins
and dTAAT or pTAAT is specific.
The importance of the LIM-HD binding sites for function of the
Rpx promoter in F9 cells and in vivo
To analyze the function of these TAAT sites, reporter
constructs containing the 390 bp upstream sequence with
mutated dTAAT or pTAAT sites were generated for cotransfec-
tion experiments. A shorter construct, Rpx300, containing both
dTAAT and pTAAT sites, was induced by cotransfection with
LIM-HD expression plasmids. The activity of Rpx300 is the
same as Rpx390, showing that the DNA sequences upstream to
dTAAT are not required for LIM-HD protein activation of the
Rpx promoter. Deletion or mutation of either the distal TAAT
site (Rpx200 and mut-dTAAT, respectively) or the proximal
TAAT site (mut-pTAAT) resulted in partial loss of LIM-HD
protein-mediated induction. The promoter construct containing
both mutated TAAT sites (mut-d + pTAAT) completely lost the
ability to be induced by LIM-HD proteins (Fig. 2C), strongly
suggesting that both the distal and proximal TAAT sites are
functional LIM-HD binding sites in the Rpx promoter.
Therefore, we conclude that at least one of the sites is required
for Rpx activation by LIM-HD, and that both are necessary for
full induction.
To further test the importance of the dTAATand pTAATLIM-
HD protein binding sites in vivo, transgenic mice carrying RpxD
and RpxD-mut were generated. RpxD contains 570 bp of
upstream sequences and the first intron in front of a lacZ reporter
gene. RpxD-mut contains mutated dTAAT and pTAAT sites.
Transgenic embryos were collected at E7.5 and E8.5 and stained
for β-galactosidase expression. At E7.5, RpxD showed
expression in the anterior visceral endoderm (AVE) and
prechordal plate (Hermesz et al., 2003), none of the three
independent RpxD-mut embryos showed transgene expression
in AVE (data not shown). At E8.5, of eight independent RpxD
transgenic embryos, five showed strong expression in the
anterior neuroectoderm (Fig. 2D and Hermesz et al., 2003). One
embryo showed weak expression and two had no expression.
The varying levels of reporter gene expression may be due to
different integration sites. In eight independent transgenic
RpxD-mut embryos, seven had no lacZ expression (Fig. 2D).
Only one had expression in the anterior neuroectoderm, and this
was significantly weaker than that of the majority of the wild
type transgenic embryos. Thus, the LIM-HD binding sites
identified by in vitro protein binding and cell culture experi-
ments are essential for Rpx promoter function in vivo.
Mapping the RP-specific enhancer element in transgenic mice
RpxA contains the 1.5 kb upstream sequences of Rpx, plus
the first exon, the first intron, and part of the second exon,
linked to reporter lacZ, which was cloned in frame with the Rpx
open reading frame (Fig. 3C). Although early expression in the
Fig. 2. LIM-HD protein binding sites are required for trans-activation of Rpx promoter in F9 cells and in vivo. (A) In 390 bp of Rpx promoter sequence, there are two
putative LIM-HD binding sites, dTAAT (distal TAAT) and pTAAT (proximal TAAT) (indicated by orange and pink blocks). The dTAAT is between −300 and −200 bp
and the pTAAT is between −200 and −100 bp in the Rpx promoter. (B) The dTAAT oligo can bind to in vitro translated Lhx1 (left panel) and Lhx3 (middle panel) and
the pTAAT oligo can bind to Lmx1b (right panel) in electrophoretic gel mobility shift assays (EMSA). The DNA-protein complexes are indicated by arrowheads. The
DNA-protein interaction was competed specifically by excess unlabeled wild-type oligonucleotides, but not by mutant oligonucleotides [mutated sequence were
shown in red letters in (A)]. No DNA-protein complex was observed with reticulocyte lysate alone (in lane R). (C) Luciferase reporter constructs Rpx390, Rpx300 and
Rpx200 contain 390 bp, 300 bp and 200 bp upstream sequence of Rpx respectively. The dTAATand pTAAT sites are indicated by the orange and pink blocks. Mutated
constructs, mut-dTAAT, mut-pTAAT and mut-d + pTAAT, contain 390 bp upstream sequence with mutated sites in dTAAT or/and pTAAT. Mutated TAAT sites are
represented by crosses (X) and the mutated sequences are shown in (A). These plasmids were co-transfected with LIM-HD protein expression vectors into F9 cells. The
promoter constructs containing one or two mutated TAAT sites partially or completely lost the ability to be induced by LIM-HD proteins respectively. The basal
activity of Rpx390 is set at 1. This assay was performed with three individual transfections with the average and standard deviation from the mean indicated. (D) The
transgene RpxD contains 570 bp of 5' flanking sequence, the first exon, the first intron and part of the second exon of Rpx genomic sequences. RpxD-mut contains the
same 5' regulatory sequence as RpxD, except the two LIM-HD protein binding sites were mutated [mutated sites are indicated by red crosses and mutated sequences
are shown in (A)]. The expression of lacZ is in the anterior neural plate in RpxD transgenic embryos at E8.5. In RpxD-mut transgenic embryos, lacZ expression is not
detectable.
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RpxA was expressed in the hypothalamus (H) instead of in
Rathke's pouch (RP) at later stages (Fig. 3A and Hermesz et al.,
2003). RpxW, a transgenic construct containing both the 5′ (1.5
kb) (the same as RpxA) and 3′ (3.3 kb) regulatory sequences
(Fig. 3C), is correctly expressed in RP (Fig. 3B). Since the
transgene containing the 3′ regulatory sequences is expressed in
RP instead of the hypothalamus, we predicted that this 3.3-kb
DNA fragment contains enhancer elements for pouch-specific
expression, as well as repressor elements for extinguishing
transgene expression in the hypothalamus.
To map the pouch-specific enhancer, several transgenic
constructs with different fragments of the 3.3 kb 3′ regulatory
sequences were generated. A single StyI site resides 800 bp
within the fragment, while two HindIII sites are positioned 1.8kb and 2.4 kb downstream of the coding region (as shown in
Fig. 3C). DNA fragments generated by StyI or HindIII
restriction enzyme digestions were cloned downstream of the
poly A sequence in RpxA. The RpxA+StyI and RpxA + H3
construct contain 800 bp of 5′ and 1.8kb of 3′ sequence,
respectively. At E10.5, in three independent RpxA+StyI and
four RpxA + H3 transgenic embryos, lacZ is expressed in the
ventral hypothalamus, the same expression pattern as RpxA
alone. RpxA + H3-H3 and RpxA + RI contain RpxA and the
600 bp between two HindIII sites (1.8 kb–2.4 kb) and the first 3
kb in the 3′ 3.3 kb sequence, respectively. Three RpxA + H3-H3
and two RpxA + RI transgenic embryos all showed lacZ
expression in the ventral hypothalamus, although the expression
levels of lacZ in these transgenic embryos were much weaker
compared with RpxA (summarized in Fig. 3C). The low
Fig. 3. Rathke's pouch-specific enhancer elements are present in the 3′ regulatory sequences of Rpx. (A) The RpxA transgene is expressed in the ventral hypothalamus
(H) at E10.5. (B) RpxW contains RpxA plus the 3′ 3.3 kb regulatory sequences of Rpx and it is expressed in the Rathke's Pouch (RP). (C) Genomic organization of the
3′ flanking region of the Rpx gene (P: PstI, S: StyI, H3: HindIII, RI: EcoRI). The expression of the reporter gene RpxA + StyI and RpxA + H3 was detected in the
ventral hypothalamus at a similar level as RpxA. The RpxA + H3H3 and RpxA + RI transgenic embryos showed no expression or low level of expression of the
transgene in the hypothalamus. The RpxA + H3P transgene was expressed in RP in transgenic embryos. (n) indicates the number of transgenic embryos analyzed.
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transgene; however, it is also possible that there are repressor
binding sites in this H3-H3 fragment.
Finally, the fragment from the second HindIII site (at 2.4 kb)
to the 3′ end of 3 kb fragment is in the RpxA + H3P construct.
This transgene was expressed in the pouch in three independent
transgenic embryos at E10.5 (Fig. 3C). This indicated that the
pouch-specific enhancer elements lie within this 800 bp.
We also examined if the 800-bp H3P fragment is sufficient
for the expression in the pouch by putting this fragment in front
of a heterologous promoter, the minimum promoter of the heat
shock protein-68 (hsp68). In seven independent H3P-hsp68-
lacZ transgenic embryos, expression of the lacZ transgene was
detected in RP (Fig. 4B). This indicated that the 3′ regulatory
sequences are not only required but also sufficient to induce
pouch-specific expression. However, ectopic transgene expres-
sion was detected in some of these transgenic embryos. Since
the ectopic staining was not consistent among the transgenic
embryos, we predicted that these ectopic expression patterns
arose from different integration sites of the transgene. Several
transgenic embryos showed a similar ectopic transgene
expression pattern in the motor neuron region of the spinal
cord (data not shown). It is possible that the transcription factor
which is important for the expression of Rpx in the pouch is also
present in other tissues. Alternatively, there might be negative
regulatory elements that normally restrict the expression of Rpx
that are missing in these transgene constructs.
To further delineate the enhancer element, transgene
constructs containing 5′ and 3′ halves of H3P were generated.
The 5′H3P-hsp68-lacZ construct was not expressed in the RP in
four independent transgenic embryos (data not shown).
However, the 3′H3P-hsp68-lacZ was expressed in RP at
E10.5 in six independent transgenic embryos (Fig. 4C). Similar
to H3P-hsp68-lacZ transgenic embryos, some of these trans-
genic embryos displayed ectopic expression of lacZ. Further-
more, the transgene construct containing the 5′ 200 bp of 3′H3P
(3′H3P-1 + 2) was not expressed in RP in four independenttransgenic embryos (Fig. 4D); the transgene construct contain-
ing the 3′ 200 bp of 3′H3P (3′H3P-3 + 4, Fig. 4E) and the
transgene construct containing the last 100 bp of 3′H3P (3′H3P-
4, Fig. 4F) were expressed in RP in three and five independent
transgenic embryos, respectively. Therefore, the pouch-specific
enhancer was mapped to the 100-bp fragment in the 3′
regulatory sequences of Rpx. This result agreed with the results
derived when the endogenous Rpx promoter was used instead of
hsp, and indicated that the RP-specific enhancer is located of the
most distal regions of the 3.3 kb fragment.
Candidate transcription regulators for RP-specific expression
of Rpx
Comparison of 3′ genomic sequences from mouse and
human Rpx/Hesx1 showed that conserved regions are primarily
located in the 3′H3P-4 region where we mapped the pouch-
specific enhancer elements. This 3′-most 100 bp shows the
highest identity with human sequence (91%: Fig. 5A).
Genetic evidence suggests that Lhx3 and Pitx2 are positive
regulators of Rpx in the developing RP. Lhx3 is coexpressed
with Rpx in the pouch, and is required for the maintenance of the
Rpx expression in RP (Sheng et al., 1996). Pitx2 is coexpressed
in the oral ectoderm and pouch along with Rpx (Semina et al.,
1996). In Pitx2 mutant embryos, the expression of Rpx is not
detectable (Gage and Camper, 1997). Moreover, there is one
conserved GATA binding site in the 100 bp conserved enhancer
element (Fig. 5A). GATA2 and GATA3 are expressed in RP
during early embryonic development (Dasen et al., 1999),
making these GATA proteins additional candidates for direct
transcriptional regulators of Rpx.
To examine if these transcription factors are involved in the
direct regulation of Rpx pouch-specific expression through the
RP-specific enhancer, we first examined if they are able to bind
to the 3′H3P-4 sequence that is sufficient for directing pouch-
specific expression of Rpx. GATA2 and Pitx2a proteins were
able to bind to 3′H3P-4; however, Lhx3 was not (Fig. 5B). To
Fig. 4. The 100 bp 3′H3P-4 fragment is sufficient for transgene expression in Rathke's pouch. Transgene constructs are indicated on the left. (A) The RpxA + H3P
transgene is expressed in Rathke's Pouch (RP, red arrowhead). (B) The H3P RP-enhancer is sufficient for driving the expression of lacZ reporter gene in RP (red
arrowhead) under the control of a heterologous promoter, Hsp68. (C, D, E and F) Expression of lacZ in RP (red arrowhead) was detected in 3′H3P (C), 3′H3P-3 + 4 (E)
and 3′H3P-4 (F) but not in 3′H3P-1 + 2 (D, green arrowhead). Transgenic embryos were collected at E10.5 and were viewed from the roof of the mouth. (n) indicates
the number of transgenic embryos analyzed.
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oligonucleotides from 3′H3P-4 were used as competitors in the
EMSA analysis. The first 25 bp of 3′H3P-4 was the only oligo
which was able to compete with 3′H3P-4 for the binding of
GATA2 and Pitx2 (Fig. 5C and data not shown). To further
analyze the function of these binding sites in vivo, a transgene
construct with this 25 bp deleted was generated. This construct
was not expressed in RP (Fig. 5D) in five independent
transgenic embryos, suggesting that the Pitx2 and GATA2/3
binding sites in this RP-specific enhancer are required for the
function of this enhancer.
The conservation of regulation of Rpx in mouse and Xenopus
The Rpx ortholog in Xenopus, Xanf1, shows a similar
expression pattern as the mouse Rpx gene, in the anterior neural
folds and the pituitary primordium (Mathers et al., 1995;
Zaraisky et al., 1992). A comparison of the upstream sequence
of Xanf1 with the mouse and human Rpx genes shows a high
degree of similarity among all three (Fig. 6A). The dTAAT andpTAAT elements show the highest degree of conservation (Fig.
6A). In order to determine whether the regulation of Rpx is
functionally conserved in mouse and Xenopus, the lacZ reporter
construct RpxW, containing both the 5′ and 3′ regulatory
regions of mouse Rpx and the first intron (Fig. 3C), was injected
into Xenopus embryos. When this construct was expressed in
transgenic mouse embryos, its expression pattern was compa-
rable to that of the endogenous Rpx gene in the anterior neural
plate at early stages (data not shown), and later in RP (Fig. 3B).
When this construct was injected into the dorsal cells of a 4-cell
stage Xenopus embryo, which normally give rise to anterior
dorsal structures, β-galactosidase staining was observed in the
anterior neural plate of stage 14 embryos (Fig. 6B). At stage 32,
β-galactosidase activity could be detected in anterior structures
such as forebrain, cement gland, eyes and the pituitary
primordium (Figs. 6C and D). The expression pattern of lacZ
is reminiscent of that seen in RpxW transgenic mouse embryos
and is also similar to the expression pattern of Xanf in Xenopus.
However, the expression in the anterior dorsal area is broader
than the endogenous Xanf or Rpx expression, as cells of the eyes
Fig. 5. Pitx2 and GATA2 binding sites are important for the Rpx transgene expression in Rathke's pouch. (A) The mouse (top) and human (bottom) 3′H3P-4 sequences
were found to be highly conserved. Sequence for the human 3′H3P was obtained from the GenBank database. (B) The 3′H3P-4 fragment was radiolabeled and
incubated with in vitro translated Gata2, Lhx3 and Pitx2 in EMSA assays. Gata2 and Pitx2 are able to bind to 3′H3P-4 (protein–DNA complexes were marked by *).
(C) The binding of Gata2 could be completely competed by 3′H3P-4 itself and the first 25bp of 3′H3P-4 but not by other oligonucleotides. (D) The deletion of this
25bp caused loss of transgene expression in Rathke's pouch.
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explanation for this broader expression pattern is that the β-
galactosidase activity in the anterior structures results from
earlier expression of the reporter gene in the anterior
neuroectoderm. Due to the rapid development of Xenopus and
the perdurance of β-galactosidase, the β-galactosidase protein
may not have time to decay and thus persists in the anterior
neural plate-derived structures.
To further analyze the specificity of the Rpx promoter in
Xenopus, reporter constructs driven by either the Rpx promoter
or a constitutively active CMV promoter (CMV-LacZ) were
injected into different blastomeres at the 8-cell stage. The RpxD
construct containing 570bp of upstream sequence and the firstintron of Rpx in front of a lacZ reporter gene was injected into
the animal dorsal cells of Xenopus embryos. In transgenic mice,
this construct conveys the correct Rpx expression pattern. When
injected into Xenopus, the lacZ reporter gene was expressed in
the anterior neural ectoderm of 90% of the injected embryos
(Fig. 6E and Table 1). When RpxD was injected into ventral
vegetal cells, which normally give rise to ventral mesodermal
and endodermal structures, most of the injected embryos
showed no staining (Fig. 6F). Less than 2% of injected embryos
showed weak staining in the posterior end at stage 14 (Table 1).
The activity of the Rpx promoter was significantly different than
the activity of the ubiquitously active promoter, CMV. As
expected, CMV-LacZ was active when injected into dorsal
Fig. 6. Structural and functional conservation of Rpx regulatory elements in mouse and Xenopus. (A) The sequence of the mouse Rpx promoter was compared with
human Rpx and Xenopus Xanf upstream sequences. There are high degrees of similarity among them. The LIM-HD binding sites, dTAAT (red) and pTAAT (blue), are
highly conserved among mouse, human and Xenopus. The identical bases are marked by black shading and the similar bases are marked by gray shading. (B) Xenopus
embryos were injected with RpxW in the two animal–dorsal blastomeres of eight-celled embryos. RpxW contains both 5′ and 3′ regulatory regions and the first intron
of Rpx. The β-galactosidase activity was detected in the anterior neural plate at stage 14 (anterior to the left). (C) At stage 32, the β-galactosidase activity was detected
in anterior structures, such as forebrain, eye and cement gland. (D) Expression of lacZ in the pituitary primordium in longitudinal sections. (E) Xenopus embryos were
injected with reporter DNA in the animal–dorsal or vegetal–ventral blastomeres of eight-celled embryos. LacZ staining was done at stage 14. RpxD contains 570 bp of
upstream sequence and the first intron of Rpx. When RpxD was injected into animal dorsal blastomeres at the 8-cell stage, most of the injected embryos showed lacZ
expression in the anterior neural plate (front view). (F) When RpxD was injected into vegetal–ventral cells, lacZ staining is not detectable (back view). (G, H) When
CMV-lacZ was injected into animal–dorsal cells or vegetal–ventral cells, strong lacZ staining was detected in the anterior region (G, front view) or the posterior region
(H, back view), respectively. (I) The RpxD-mut contains mutations in dTAAT and pTAAT sites (mutated sequences shown in Fig. 2A). When RpxD-mut was injected
into animal dorsal cells, in most embryos, the lacZ staining is not detectable in anterior neuroectoderm (front view).
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Table 1). However, the β-galactosidase activity was detected in
a much broader dorsal region than observed in embryos injected
with RpxD. Importantly, CMV-LacZ, unlike RpxW, was also
active when injected into ventral vegetal cells (Fig. 6H and
Table 1), further demonstrating the specificity of the Rpx
promoter in Xenopus embryos.Since the Rpx promoter was properly regulated in Xenopus,
we examined whether the previously identified LIM-HD protein
binding sites are required for this conserved regulation. We
found that injection of the RpxD-mut into the anterior dorsal
blastomere at the 8-cell stage resulted in a lack of staining in
most of the injected Xenopus embryos at stage 14 (Fig. 6I and
Table 1). This is similar to the lack of expression of this
Table 1
The importance of LIM-HD protein binding sites in the Rpx promoter in
Xenopus
Injected
constructs
Injected blastomere
(n)
Expression (%)
Strong Weak Nonspecific None
CMV-lacZ Animal–dorsal (9) 9 (100) 0 0 0
Vegetal–ventral (9) 7 (78) 2 (22)^ 0 0
RpxD Animal–dorsal (56) 27 (48) 23 (41) 1 (2) 5 (9)
Vegetal–ventral (54) 0 1 (2) 3 (5) 50 (93)
RpxD-mut Animal–dorsal (54) 3 (5) 12 (22) 6 (11) 33 (62)
Vegetal–ventral (56) 0 2 (5) 1 (2) 52 (93)
Xenopus embryos were injected with reporter DNA in the animal–dorsal or
vegetal–ventral blastomeres of eight-celled embryos. LacZ staining was done on
the embryos at stage 14. When DNA constructs were injected into animal dorsal
cells, lacZ positive cells were counted in the anterior side of the embryos. When
DNA constructs were injected into the vegetal ventral cells, lacZ positive cells
were counted in the posterior side of the embryos. For RpxD and D-mut
constructs, embryos having more than 100 lacZ positive cells were grouped as
strong staining and embryos having less than 100 lacZ positive cells were
grouped as weak staining. ^: relatively weak staining for CMV-lacZ, although
they still have more than 100 lacZ positive cells.
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injected embryos, there is a significant reduction in the
percentage of embryos with detectable β-galactosidase staining
in the anterior neural plate. Only 20% of the RpxD-mut injected
embryos showed lacZ expression in the anterior neural plate as
compared to 90% of the RpxD injected embryos (Table 1).
Moreover, in the embryos with lacZ staining in anterior neural
ectoderm, the number of stained cells was also greatly reduced.
This indicates that, in Xenopus, as in mouse, the Rpx promoterFig. 7. Two stages of the regulation of Rpx. (A) The diagram shows the expression pat
in the anterior visceral endoderm (AVE), and at E7.5 to E8.5, it is expressed in the an
Rpx is restricted to the developing Rathke's pouch. (B) During early developmental
region. Two LIM-HD binding sites (indicated by pink boxes) are important for the fu
of Rpx is restricted to RP, requiring the 3′ regulatory sequences. A Rathke's pouch-sp
the Rpx gene. Putative binding sites of Pitx2 and GATA2/3 are required for the actiactivity without the LIM-HD binding sites was significantly
reduced. From these results, we conclude that the LIM-HD
protein binding sites in the Rpx promoter, dTAAT and pTAAT,
are important elements for cross-species conserved regulation
of Rpx.
Discussion
Distinct regulatory regions for different stages of expression
During early development, Rpx/Hesx1 is expressed sequen-
tially in the anterior visceral endoderm, the anterior definitive
endoderm and the cephalic neural plate. Later, its expression is
restricted to Rathke's pouch (RP) (Fig. 7A and Hermesz et al.,
1996, 2003). This dynamic expression pattern requires at least
two regulatory regions that can function independently to drive
expression in transgenic mice. The early expression of Rpx
requires the 5′ regulatory elements of the gene, while the 3′
regulatory sequences of Rpx were shown to be both necessary
and sufficient for the expression of Rpx transgenes in Rathke's
pouch. We have delineated a pouch-specific enhancer element
in a 100-bp 3′H3P-4 fragment in the 3′ regulatory sequences of
Rpx, which is sufficient to drive expression of reporter genes in
the developing RP.
Regulation of Rpx by LIM-HD proteins
While the expression of Rpx during development is dynamic
and complex, we show here that several LIM-HD proteins
participate in its regulation (Fig. 7B). Lhx1 and Lmx1b aretern of Rpx (red) during early embryonic development. At E6.0, Rpx is expressed
terior neuroectoderm and anterior neural plate (ANP). At E9.5, the expression of
stages, Rpx is expressed in the AVE and ANP under control of the 5′ regulatory
nction of the 5′ regulatory regions. At later developmental stages, the expression
ecific enhancer (indicated by the yellow circle) is mapped to 3 kb downstream of
vity of this Rathke's pouch enhancer.
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anterior neural plate, respectively, while Lhx3 is expressed in
RP. In F9 cells, Lhx1, Lmx1b and Lhx3 all positively regulate
the Rpx promoter in cotransfection experiments. Serial deletions
and mutations delineated the LIM-HD binding sites in the
upstream sequence of Rpx, the LIM-HD proteins bound these
sites in gel-shift assays, and reporter constructs bearing
mutations of these sites do not express at detectable levels in
either transfected cells or transgenic mice. However, all of these
LIM-HD proteins have a broader expression pattern than that of
Rpx, suggesting that these proteins by themselves are not
sufficient to regulate Rpx promoter activity. There must be other
transcription factors, both positive and negative, that restricted
the expression domain of Rpx in time and space. For example, it
has been shown that the expression domain of Rpx is expanded
and sustained in Pax6−/− embryos, and that electroporation of
Pax6 into chick embryos downregulates Ganf, the chick Rpx
ortholog, strongly suggesting that Pax6 is such a factor (Spieler
et al., 2004).
It is known from earlier studies that regulation of
transcription by LIM-HD transcription factors is highly
complex. The LIM domains of LIM-HD proteins have been
reported to interact with several other classes of transcription
factors, and these interactions are important for the biological
function of LIM proteins. We believe that the induction by LIM-
HD proteins of target genes such as Rpx is tightly regulated by
the interaction between LIM-HD proteins with other transcrip-
tion factors. While the regulation of Rpx expression is not yet
fully understood, evidence suggests that some members of the
bicoid homeobox gene family are required for Rpx expression.
Otx2 is coexpressed with Rpx in the anterior visceral endoderm
and anterior neural plate; consistent with this, Rpx is not
expressed in Otx2−/− embryos (Ang et al., 1996). Otx2 binding
sites are present in upstream regions of Rpx/Hesx1, Xenopus
Xanf and the chick Ganf, and these sites have been shown to be
required for expression in chick embryos (Spieler et al., 2004).
Furthermore, Pitx2 is coexpressed with Rpx in the oral ectoderm
and RP, and Rpx is not detectable in RP in Pitx2mutant embryos
(Gage and Camper, 1997). Bicoid-HD proteins can cooperate
with LIM-HD proteins to activate downstream gene expression
(Mochizuki et al., 2000; Nakano et al., 2000). It is likely that
interactions between these bicoid-HD proteins and LIM-HD
proteins are also involved in the regulation of Rpx.
The regulation of Rpx in the developing Rathke's pouch
Pitx2 and GATA transcription factors are able to bind to the
100 bp 3′H3P-4 pouch enhancer element that was shown to be
both necessary and sufficient for the RP-specific expression of
Rpx. Coactivators known as Ldbs (LIM-domain binding)/
CLIMs (Cofactor for LIM domain) belong to a conserved
family of cofactors that bind LIM domains and also interact
with other transcription factors that do not have LIM domains.
Ldb cofactors can homodimerize and form multiprotein
complexes consisting of LIM-HD proteins, Pitx, bHLH and
GATA transcription factors (reviewed by Bach, 2000). There-
fore, it is possible that Pitx2 and Gata2 and/or Gata3 cansynergistically regulate the expression of Rpx in the developing
pouch.
Since Lhx3 is genetically required for the maintenance of
Rpx expression in RP (Sheng et al., 1996), it may regulate Rpx
through several alternative mechanisms. First, it is possible
that Lhx3 regulates expression in an indirect manner, for
example by interacting with other factors that bind to the Rpx
regulatory sequences. Lhx3 is able to interact with Pitx2
through the cofactor, Ldb (Bach et al., 1997; Jurata et al.,
1998), Lhx3 may upregulate the expression of Rpx through the
interaction with Pitx2 without binding to DNA sequences
directly. Alternatively, Lhx3 could positively regulate the
expression of Rpx through the 5′ regulatory sequences.
Although the 5′ regulatory elements alone are not sufficient
to drive transgene expression in the pouch, they could interact
with the 3′ regulatory elements and play a role in the
regulation of Rpx in RP. In support of this, we have observed
that pituitary expression is generally more robust with
transgenes containing both 5′ and 3′ regulatory regions
compared to those carrying the 3′ region alone (SC and KM,
unpublished). It is also possible that there are Lhx3 binding
sites in the 3′ regulatory region of Rpx outside of 3′H3P-4.
Although the 100 bp 3′H3P-4 fragment is sufficient for
initiation of pouch-specific expression, it may not be the only
element participating in pouch-specific expression of Rpx.
Some regulatory elements outside this fragment may also
contribute to the pouch-specific enhancer activities, and all the
regulatory elements could work together in vivo to convey the
full repertoire of endogenous Rpx gene expression.
Moreover, in Pitx2 mutant, Rpx expression was not initiated
in RP (Gage and Camper, 1997), but in Lhx3 mutant, Rpx
expression was initiated but not maintained after E11.5 (Sheng
et al., 1996). This suggested that the 3′ Pitx2 binding site might
be required for initiation of Rpx expression in RP, while the 5′
Lhx3 binding site might be important for the maintenance of
Rpx expression. It should be noted that we have only assayed for
expression of 3′ regulatory deletions in the pouch at E10.5 and
have no knowledge of whether these constructs are still active at
later stages. Therefore, it is possible that additional sequences
may be required to maintain expression after this time.
The expression of Rpx is downregulated at E13.5 and the
extinction of Rpx expression is required for proper cell type
differentiation in RP (Gage et al., 1996; KM, unpublished
results). The downregulation of Rpx requires the function of a
paired-like homeodomain containing transcription factor, Prop-
1 (Sornson et al., 1996). The function of Prop-1 on the
regulation of Rpx is currently being studied.
Evolutionary conservation
The murine Rpx promoter is functional and retains its cell-
type specificity in Xenopus embryos. The homologue of Rpx in
Xenopus, Xanf, has a similar expression pattern as the murine
Rpx, and is expressed in the anterior neural plate and the
pituitary primordium in Xenopus (Mathers et al., 1995; Zaraisky
et al., 1992). We compared the 5′ regulatory sequences of Rpx
and Xanf and found a high degree of homology. This suggests
544 S.-J. Chou et al. / Developmental Biology 292 (2006) 533–545that the regulatory mechanisms of mouse Rpx and Xenopus Xanf
share conserved evolutionary features. The full-length Rpx
reporter construct (RpxW), which contains all the sequences
required for correct expression in mouse, yielded a similar
pattern of expression as Rpx in Xenopus embryos. The Rpx
promoter is only active when injected into animal dorsal
blastomeres that give rise to the dorsal anterior structures in
Xenopus, demonstrating its regional specificity. This result
indicated that the regulation of mouse Rpx and Xenopus Xanf is
highly conserved on both the primary sequence and mechanistic
level.
Recently, important cis-regulatory elements of the expres-
sion of Xanf-1 in the anterior neuroectoderm were delineated in
Xenopus. The upstream cis-regulatory element which is
conserved with the LIM-HD protein binding sites in Rpx (the
dTAAT site) was shown to be crucial for cell-type-specific
expression of Xanf-1 (Eroshkin et al., 2002). This element was
shown not only to be important for the maintenance of the Xanf-
1 promoter activity in the anterior neural plate (Eroshkin et al.,
2002), but also to be responsible for transcriptional repression
of Xanf-1 to define its posterior expression limit (Bayramov et
al., 2004; Martynova et al., 2004). It was shown that X-nkx-5.1
(Bayramov et al., 2004), FoxA4a and Xvent2 (Martynova et al.,
2004) are able to bind to this cis-regulatory element and inhibit
the expression of Xanf-1. Thus, the murine orthologs of X-nkx-
5.1, FoxA4a and Xvent2 could play a role in restricting Rpx
expression in mouse.
The conserved expression of the Rpx transgene in Xenopus
suggests that the Rpx expression pattern arose in a common
ancestor. This is reasonable since the potential regulators of
Rpx, such as Lhx1 andOtx2, are expressed in a similar pattern in
Xenopus and mouse (Kablar et al., 1996; Taira et al., 1994).
Pending future analysis of the Xanf gene 3′ regulatory
sequences, the expression of RpxW in the pituitary primordium
of Xenopus suggests that the regulatory mechanism of pouch-
specific expression of Rpx is conserved between species.
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